Summary: A method is described which differentiates arylsulphatase A and aiylsulphatase B in human urine. 4-Methylumbelliferyl sulphate serves as the substrate, and silver ions are used to inhibit arylsulphatase A activity. Using fresh urine it is possible to obtain separate values for arylsulphatase A and B when both are present, thus providing a diagnostic test for metachromatic leucodystrophy.
Introduction
Although physiological substrates for arylsuiphatases A and B are known (1, 2) , the activity of these enzymes is usually measured colorimetrically using 4-nitrocatechol sulphate as substrate (6) . These enzymes are of clinical interest, because arylsulphatase A is deficient in metachromatic leucodystrophy (3) , and aiylsulphatase B is deficient in mucopolysaccharidosis type VI (4, 5) . In an earlier report (7) 4-methylumbelliferyl sulphate was used as a sulphatase substrate in human liver. It was possible to specifically inhibit arylsulphatase A activity with Ag + ions. Christomanou &, Sahdhoff (8) used the same method to differentiate the sulphatases in isolated human leucocytes.
The present communication describes the application of these principles to the simple and rapid assay of sulphatases A and B in urine.
Materials and Methods
4-Methylumbelliferyl sulphate was obtained from Koch-Light, 4-nitrocatechol sulphate from Sigma, and AgNO 3 from Merck.
Enzyme assay 2.5 ml fresh urine was added to PD-10 columns (Sephade* O25,1.5 X 5 cm, bed volume 9 ml; Pharmacia), equilibrated with 50 mmol/1 Tris-HCl buffer pH 7.4, and the effluent was discarded. The high molecular weight components, e.g. enzyme proteins, were eluted with 3.5 ml 50 mmol/1 Tris-HCl buffer pH 7.4 and concentrated to about 300 μΐ using minicon-A 25 (Amicon). The enzyme assay was performed as described previously (7) . 100 μΐ of 5 mmol/14-methylumbelliferyl sulphate in redistilled water, 25 μΐ of 1 mmol/1 acetate buffer, pH 5.5, and 25 μΐ of prepared urine sample were incubated for 30 min. The reaction was stopped by addition of 3.0 ml of 0.2 mo 1/1 glycine buffer, pH 10.7. The fluorescence was immediately read in an Aminco-Bowman spectrophotofluorimeter with excitation wave-length 365 nm and emission wavelength 448 nm. 4-Methylumbelliferone in glycine buffer was used as a standard.
Ion-exchange chromatography 500 ml fresh urine were concentrated to about 12 ml using polyethylene glycol. The concentrated urine was dialysed overnight against 50 mmol/1 Tris-HCl pH 7.4, centrifuged (1000 £, 10 min), then applied to the column. The column contained preswollen DEAE-cellulose (column 0.9 X 24 cm) equilibrated in 50 mmol/1 Tris-HCl buffer, pH 7.4. After elution with 65 ml of 50 mmol/1 Tris-HCl buffer, pH 7.4, a linear gradient was established with 100 ml of this buffer and 100 ml of the same buffer containing 0.7 mol/1 of NaCl. 1 ml fractions were collected with a flow rate of 40 ml per hour.
Results
A typical pH profile found in fresh urine specimen prepared as described in Materials and Methods is given in figure 1 . The pH profile after storage of urine samples at -20 °C or 4 °C (1-7 days) is also given in figure 1.
The pH optimum for sulphatase activity in most of the fresh urine samples was around pH 5.5 while in the same stored urine samples the pH optimum was shifted towards pH 6.O. In a few fresh urines (15 %), the 0340-076X/79/0017-0795S2.00 ©by Walter de Gruyter & Co. -Berlin -New York Ion-exchange chromatography of urine. Preparation of 500 ml urine is described in Materials and Methods. Activity is given as nrnol substrate split per hour under the specified assay conditions (see Materials and Methods and I.e. (7)). Activity towards 4-methylumbelliferyl sulphate (^^-). Sodium chloride gradient ( ).
sulphatase activity-was approximately constant in the range pH 5.5-6.5. The activity especially at and below pH 5.5 was strongly reduced (more than 50 %) after storage for only 24 hours. It is not known whether there was any further inactivation of the enzyme during the 7 days of storage.
Arylsulphatase Β normally exhibited 18-64 % (mean 35 %) of the total sulphatase activity. When 20 consecutive assays were made on the same urine, a coefficient of variation of 5 % was obtained for arylsulphatase A and B.
There was no correlation between arylsulphatase activity and creatinine content of the urine. The correlation coefficient was -0.112 for arylsulphatase A and 0.131 for arylsulphatase Β (20 urine samples were tested).
The activity level of arylsulphatases A and B in .20 controls and three patients with metachromatic leucodystrophy is given in table 1. Figure 2 shows the sulphatase pattern found after chromatography. Activity towards 4-methylumbelliferyl sulphate showed one unadsorbed peak and one adsorbed peak. Assay of arylsulphatases A and Β according to Baum et al. (6) showed that arylsulphatase B activity is found in the unadsorbed peak and arylsulphatase A activity in the adsorbed peak. The pH optimum of both peaks, using 4-methylumbelliferyl sulphate, was pH 5.5. The enzyme activity was proportional to time t pH 5.5 for at least 60 min. The apparent Michaelis-Menten constant was 1.6 mmol/1 for arylsulphatase A and 0.5 mmol/1 for arylsulphatase B (1 mol/1 acetate buffer, pH 5.5). In the presence of AgNOs (range 0.003-2 mmol/1) arylsulphatase A was inhibited by about 96-98%, while arylsulphatase B was unaffected. At a concentration of 0.001 mmol/1 AgN0 3 , arylsulphatase A was only inhibited by 50 %. The pH optima of the two arylsulphatases were not significantly altered by AgN0 3 .
Discussion
The sulphatase pattern found in ion-exchange chromatography indicates that urine exhibits very little, if any, activity of arylsulphatase C (which is present in human liver and is eluted around fraction 120-130, as described in I.e. (7)). Arylsulphatase A is adsorbed and arylsulphatase B unadsorbed, as described for the enzymes from human liver (7) . pH optimum and inhibition of arylsulphatase A with Ag + ions is also in agreement with earlier reports (7, 8) .
The strong decrease of activity during storage, especially at and below pH 5.5, was accompanied by a shift of the pH optimum towards pH 6.O. This might indicate the presence of some activity of arylsulphatase C which then should be more resistant to storage. The existence of arylsulphatase C could also explain the constant activity between pH 5.5 and 6.5, which was found in a few of the fresh urine samples.
It is important to point out that the sulphatase assay should be performed on fresh urine, because storage strongly reduces the enzyme levels even after only 24 hours. earlier results using 4-nitrocatechol sulphate as substrate (9) . By measuring arylsulphatase at pH 5.5 in fresh urine, in the presence and absence of silver ions, it is possible to obtain separate values for arylsulphatase A and B, and thus diagnose metachromatic leucodystrophy.
